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THE SEA OF GALILEE: POLLUTION 
PROBLEMS AND PROSPECTS 
By Tom Berman* 
INTRODUCTION 
To most Americans the idea that the Sea of Galilee is being 
threatened by pollution may seem almost sacriligious: to Israelis, 
for whom this historical lake is a vital natural resource, the possibil-
ity of a rapid deterioration in the quality of its water is no matter of 
nostalgia but rather a matter of acute practical concern. A growing 
awareness of the ills attendant upon modern technological de-
velopments has focussed scientific and public attention upon the 
lake. In this article I shall attempt to provide some background to 
an understanding of the present pollution problems of the Sea 
of Galilee and to describe some of the first steps which are only 
now being taken to preserve its waters. 
THE LAKE AND ITS WATERSHED 
The Sea of Galilee (Lake Kinneret)l lies at 209 meters below 
mean sea level in the northern part of the Jordan Valley, which is 
itself an extension of the Great African Rift. The lake, which has 
a surface area of 169 square kilometers, measures 22 kilometers on 
a north-south azis and is 12 kilometers wide (Fig. 1). It has a mean 
depth of 24 meters with a maximum depth of 42 meters. The 
climate is semi-tropical, with hot summers and cool, rainy winters. 
In the arable valleys around the lakes shores, bananas, dates and 
vegetables are cultivated. During the short spring (from March to 
April), the surrounding hills are covered with a profusion of wild 
flowers and grasses. The main urban center, Tiberias, is a town of 
about 24,000 inhabitants and a popular tourist resort. Many ad-
ditional recreation facilities are being developed around the shore-
line, some by the lakesite settlements (mainly kibbutzim) which 
are still predominately dependent on agricultural income. 
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FIGURE 1 
The Sea of Galilee (Lake Kinneret). The letters A-H indicate lake stations which are 
sampled routinely. The Kinneret Limnological Laboratory is located at Tabgha. 
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In most years, there is an intense algal bloom~ during the late 
winter and spring months (from February to April), usually com-
prised of the dinoflagellate, Peridinium westii) a freshwater relative 
of the organisms responsible for the notorious marine "red tides." 
An important physical feature of the lake is that, from about 
May to January, it is stratified into two distinctive water masses, 
a warm, upper layer (epilimnion) and a cooler anaerobic layer 
(hypolimnion). During the winter, this structure breaks down and 
the water masses are completely mixed. Most of the water (and 
pollution) flowing into the Kinneret is brought by the River 
Jordan which drains 1560 square kilometers of the northern water-
shed. Large parts of this region are heavily cultivated and include 
the drained. peat lands of the Hula Valley. The western and 
eastern catchment areas which drain 1200 square kilometers con-
tribute only about 25% of the water input and a relatively minor 
amount of nutrients. The lake serves as the principal reservoir for 
Israel's National Water Carrier3 which supplies over a third of 
the country's irrigation and drinking water. The lake also supports 
considerable commercial fishing with an annual catch of 1800-2000 
tons and a burgeoning tourist trade. 
RESEARCH ON LAKE KINNERET4 
Scientific curiousity concerning the waters and environment of 
the Sea of Galilee has been sporadic for many centuries. A limno-
graph, designed to measure water levels, is shown on the 6th cen-
tury mosaic floor in the Byzantine Church of the Loaves and the 
Fishes at Tabgha which also realistically depicts plant and animal 
life around the lake. Many of the early travellers such as Haselquist 
(1751) and MacGregor (1869) were excellent naturalists and have 
left us some very lively descriptions of the lake and its biota in their 
times. Thus, for example, we learn from Burkhardt that the most 
common species of fish in 1822 were the Binnit (Barbus sp.) and 
M usht (Tilapia sp.), fish which are still prevalent today. More pro-
fessional investigators such as Tristram and Annandale examined 
and tabulated the flora and the fauna of the lake in the 1880's and 
in the early years of the present century. The latter also made some 
observations on the temperatures and the chemical composition of 
the lake waters. Studies from 1920 to 1950 remained mainly of a 
taxonomic nature and were directed principally towards the objec-
tive of improving the catch of the commercial fishermen. Some 
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small scale investigations concerning the physical and chemical 
characteristics of the water and primary production were carried 
out by Oren and Yashouv in the late 1950's. Only after 1960, upon 
the decision to build the National Water Carrier based upon the 
Kinneret as the principal reservoir of the system, was an effort 
made to encourage wider basic studies of the lake. Mekorot Water 
Company (a semi-public concern owned equally by the Israel 
Government, the Histadrut Labor Union and the Jewish Agency, 
and which is responsible for all water supply in Israd) established 
an analytical group to monitor water samples from the watershed 
and the lake. Scientists from various institutions were funded by 
Mekorot to pursue defined research projects. Tahal (another semi-
public company charged with the development of new water 
sources) undertook an extensive survey of salinities in the lake. 
Although well intentioned, these first attempts at a comprehen-
sive research effort were largely unproductive. Partly this was be-
cause most of the scientists involved spent little time at the lake 
or its surroundings and thus gained little feeling for limnological 
reality. A more important factor may have been the lack of a 
minimal grasp of ecological priorities which caused many indepen-
dent projects, some of marginal importance, to be financed. There 
was an almost complete lack of co-ordinated activity by these in-
vestigators. For example, one scientist spent several years studying 
light transmission in the water while, at the same time, another 
group carried out a detailed survey of phytoplankton distribution. 
However at no time did these two scientific groups work together 
on the same boat. Curiously enough, Dr. J. Shapiro (now at the 
University of Minneapolis) who had spent almost a year in 1962 
working on the Kinneret at the invitation of Tahal, had drawn up 
an extremely prescient report outlining a research strategy for the 
lake. As with many such useful documents it disappeared into 
some dark bureaucratic recess. 
In 1965 Mekorot Company invited the emminent Swedish 
limnologist, Professor W. Rodhe, to appraise the trophic status of 
the lake. In his report, Prof. Rodhe pointed out that all indica-
tions showed that Lake Kinneret was highly eutrophic and that, 
in such a situation, deterioration of the water quality might well 
be expected. As a first step, Prof. Rodhe suggested the establish-
ment of a lakeside scientific facility which would form the centre 
for all research work. At approximately the same time, the Israeli 
government had decided to set up an Authority for Oceanograph 
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Research and this newly founded body was enlarged to include 
limnological studies on Lake Kinneret. These developments led 
to the establishment in 1968 of the Kinneret Limnological Labora-
tory at Tabgha. 
RESEARCH AT THE KINNERET LIMNOLOGICAL LABORATORY 
From the beginning, the research policy of the laboratory has 
been comprehensive. Our conception of a purposeful approach 
was predicated by the complexities of a large ecosystem reacting 
to a series of severe man-imposed stresses. Also, from the practical 
point of view, we have been limited in staff and funds. Our objec-
tive, therefore, was to find the most effective strategy to tackle those 
aspects of the system which are the keys to a broad understanding 
of its metabolism. Accordingly our efforts have been directed at 
three broad research areas: 
1. Lake Hydromechanics. This entails studies of currents, in-
ternal waves, movements of water masses and the temperature 
regime. All these are directly imposed by the prevailing meteoro-
logical conditions. 
2. The Chemistry of the Waters and Sediments. Initially we 
determined the concentrations of the major nutrients and their 
transformations throughout the seasons. We were fortunate in 
having a partial data record compiled by the Mekorot group which 
predated the start of our work by three years. Particular attention 
has been paid to the chemistry of the sediments and their inter-
stitial waters since these can serve as a nutrient sink or source, 
depending upon bottom conditions. 
3. The Biology of the Lowest Trophic Levels. We further 
studied the distribution and productivity rates of the autotrophs 
(photosynthetic algae and bacteria), the heterotrophs (bacteria, par-
ticularly those responsible for nitrogen transformations), and the 
microscopic zooplankton which feed on algae, bacteria, detrital 
particles and each other. 
Our program is based on an extensive sampling routine which 
permits us to monitor localized and seasonal variations of physical, 
chemical and biological parameters. Many of the physical measure-
ments, such as temperatures, current speeds, and current direc-
tions are recorded continuously by automatic equipment placed 
in the lake. Occasionally throughout the year, we undertake ex-
tended cruises which provide us with data on diurnal changes of 
chemical and biological parameters. 
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We have also attempted to develop new techniques where exist-
ing methodology was inadequate or unsuitable. For example we 
found, as had many other investigators, that the concentrations of 
orthophospate (the most available form of phosphorus) were almost 
undetectable, despite large algal populations, and scarcely changed 
throughout the year. This led us to develop an enzymatic assay to 
measure actual phosphorus availability in aquatic environments.a 
Currently, we are working on improved methods for the determina-
tion of dissolved elements in very small quantities by the tech-
niques of atomic absorption spectrophotometry. 
A salient point in our approach has been its interdisciplinary 
nature which has been dependent on the daily contact and coopera-
tion between the teams engaged in the research. This relationship 
has also been fostered between the laboratory and a number of 
scientists at other institlltions engaged in specific aspects of Kin-
neret research. 
LAKE METABOLISM: SOME RESEARCH FINDINGS 
Although this work was begun only some three and half years 
ago some significant results have been achieved and a coherent 
picture of the present eutrophic status of the lake is emerging. 
Here I shall attempt to summarize some of the key points necessary 
for an understanding of our diagnosis of the present "health" 
of Lake Kinneret. 
The Sea of Galilee, situated in a semi-tropical region, with a 
high solar energy input and at least an adequate, if not an excess, 
nutrient inflow, has probably been naturally eutrophic for a long 
time. The quantities of nitrogen and phosphorus brought into the 
Kinneret annually can be seen in Table 1. When these figures, 
expressed as amounts per unit of lake surface, are compared with 
similar data for other lakes they clearly indicate a very heavy load-
ing of nitrogen and a somewhat lower stress for phosphorus. As 
shown in Table 1, most of the nitrogen is eventually removed by 
denitrification whereas the phosphorus accumulates in the sedi-
ments. The sources of nitrogen and phosphorus input into the 
watershed are given in Table 2. 
It is not surprising, therefore, that the lake supports large stand-
ing crops of organisms. During the annual "outburst" of algae, as 
much as a 20,000 tons (wet weight) of cells can develop. This 
bloom of algae is a considerable nuisance because it causes taste 
TABLE 1 
LAKE KINNERET-NITROGEN AND PHOSPHORUS BALANCES 
1968-69 1969--70 
Water yield N03 -N Total N Total P Water yield N03 -N Total N Total P 
(X 106 cu.m) (tons) (tons) (tons) (X 106 cu.m) (tons) (tons) (tons) 
1 INFLOW 
Jordan 1094 3352 4301 252 571 906 1259 86.6 
Secondary 
watersheds 427 335 430 30 197 91 126 9 
Rain 102 102 1 75 76 0.8 
Total 3687 4833 283 997 1461 96.4 
2 OUTFLOW 
Jordan 951 485 1201 35 283 35 236 4.9 
Water + other 
consumer carriers 341 87 265 5 438 26 243 5.8 
Total 572 1466 40 61 479 10.7 
3 ACCUMULA-
TION IN 
THE LAKE 3367 243 982 85.7 
Denitrification 3003 849 
Accumulation 
in sediments 365 243 134 85.7 
• From data of Dr. C. Serruya, note that the nitrogen input are probably minimal since the quantities of nitrogen fixed and seepage from 
deep sediments are presently unknown. 
The winter of 1968-69 was very rainy in contrast to the dry winter which followed in 1970-71. 
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TABLE 2 
CONTRIBUTIONS (in percentages) OF THE DIFFERENT SOURCES OF NUTRIENTS IN THE NORTHERN WATERSHED* t:rj 
Z 
Upper watershed Non-cultivated 
-< 
Year Nutrient mountain area Fishponds Sewage Fertilizers Peat .-. area ~ 
1967-68 NOg-N 22.9 2.8 0.4 3.0 15.1 55.8 0 
Organic N 16.8 38.3 15.3 6.4 13.2 10.0 Z 
Total N 21.5 12.7 10.4 4.0 14.9 36.5 ~ 
Total P 10.9 31.4 19.1 3.6 14.6 20.0 t:rj 
1968-69 NOg-N 17.3 1.1 0.1 1.6 8.2 71.7 Z 
--1 Organic N 30.6 20.4 9.2 4.9 33.7 2.2 > Total N 19.7 5.4 4.4 2.4 8.3 59.8 ~ 
Total P 47.2 16.0 9.8 2.5 10.5 15.0 > 1969-70 NOg-N 37.9 4.1 0.6 4.3 21.7 31.4 
"rj 
Organic N 14.9 40.5 16.1 6.8 14.0 7.7 "rj 
Total N 30.4 17.5 14.0 5.4 20.1 12.6 > 
Total P 11.0 34.6 21.1 4.0 16.1 15.0 .-. ~ 
• Data of Y. Gifman. 
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and odor problems in the National Water Carrier system. More-
over, the dark coffee-coloured patches of Peridinium are not aes-
thetically pleasing nor do the inhabitants of Tiberias particularly 
appreciate the rusty coloured water sometimes issuing from their 
household taps. Apparently very few of the lake herbivores are 
fond of a Peridinium diet, with the exception of the commercially 
valuable Tilapia aureus. 
Even if the Kinneret has long been a "rich" lake, we can list a 
number of man-made changes in the environment which within 
recent years have undoubtedly led to an increasing ecological stress 
upon the system: 
1. The building of sluice gates at the egress of the Jordan River 
fom the lake as part of Ruttenberg Hydroelectric Scheme in the 
1930's. These gates are still used to control water levels and to 
maintain maximum water volumes in the lake without flooding 
shore line properties and installations. 
2. The draining of the Huleh Lake and swamp area) which 
eliminated some 15POO acres of marsh replete with exotic wild 
life but also) alas) with malaria and mosquitos. This project had 
been proposed even as far back as the Turkish administration, and 
was revived during the 1930's by the Jewish Colonisation Com-
pany, which had purchased the territory. The work was finally 
completed in 1956 and cultivated fields replaced the swamp lands. 
However, poor crops and increasing difficulties were encountered 
in the management of the drained peat lands, leading eventually 
to the bankruptcy of the Hula Valley Authority which had been 
set up by the government to farm a large part of the drained area. 
Despite its relatively small area in comparison to the rest of the 
watershed (about 1 % of the total area), at present the peat lands 
generally contribute more than a half of the total nitrate-nitrogen 
input of the Kinneret, and probably a considerable amount of dis-
solved organic compounds (Table 2). When the Hula was still a 
swamp, the anaerobic conditions then prevailing would have pre-
vented any accumulation of nitrates and thus this input must have 
greatly increased within the past 16 years. Since nitrogen (and 
especially nitrate) stress is particularly severe for the Kinneret, 
the future management of the Hula lands is a matter of consider-
able concern. 
3. The operation of the National Water Carrier) which began 
in 1965) now removes some 350 million cubic meters of water from 
the lake annually. The pumping is carried out from a single fixed 
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intake at a depth of about 12 meters offshore close to Tabgha (see 
Fig. 1). This arrangement ensures that water of a high quality for 
drinking and irrigation purposes is usually being pumped. Deeper 
waters in which high concentrations of sulfides and ammonia 
accumulate during the summer are not taken. It is not yet clear 
how this discrimination between warmer, nutrient-poor and cooler, 
nutrient-rich water will affect the lake over a long period. 
4. During the first years of the operation of the National Water 
Carrier, problems arose from the relatively high salinity of the 
pumped water which was largely used for irrigation purposes. In 
order to lower the salinity, a number of saline springs on the 
north western shore were diverted around the lake and into the 
southern Jordan. The result has been a lowering of the chloride 
concentrations in the lake from about 400 to 250 ppm over the 
past four years. Again, the effects of this change are not yet clear. 
5. Over the past decades, the population around the lake and in 
the watershed area has risen several fold to about 100.,000, of .whom 
perhaps 20,000 are in Lebanon and Syria. Much of the watershed 
is now under intensive cultivation, with a predomination of fruits, 
cotton and alfalfa. About 4,000 acres are utilized for fishponds. As 
yet, however, there has been little industrial development in this 
regIOn. 
A study of some of the factors which affect the annual bloom 
of algae illustrates rather nicely the interrelation between physical, 
chemical and biological aspects of the research. As previously 
stated, the bloom usually is dominated by Peridinium, but in some 
years a blue-green algae, Microcyctis sp., also appeared in great 
quantities and occasionally (as in 1964) completely supressed the 
dinoflagellates. C. Serruya and U. Pollingher6 have suggested the 
following causative sequence: during the months preceeding the 
bloom (November to December), the lake is still stratified with a 
dearth of nutrients, particularly phoshorus, in the epilimnion and 
a high concentration of nutrients (in the form of ammonia, phos-
phorus and H2S) in the hypolimnion and interstitial waters of the 
sediments. As the air temperature falls, the upper water mass cools 
and there is a continuous deepening of thermocline (the thin layer 
dividing epilimnion and hypolimnion) with a concomitant input 
of nutrients from the hypolimnion and sediments. Eventually the 
stratified structure of the lake breaks down and complete homo-
geneity of the water column is reached. A second source of nutrient 
input is that provided by the floods which sweep the peat and 
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agricultural lands of the Upper Galilee and which swell the inflow 
of the Jordan River. The major form of nitrogen input in this 
case is nitrate. 
In addition, the Jordan flood brings a large influx of Microcystis 
cells which are ubiquitous throughout the watershed. It appears, 
then, that the nature and extent of the winter-spring bloom de-
pends on the time and volume of the major Jordan flood. If this 
occurs after there has been a sufficient input of hypolimnic am-
monia to permit the development of the indigenous Peridinium J 
then the incoming Microcystis will not compete effectively. On 
the other hand, if the winter rains and flooding are early, M icro-
cystis J growing on nitrate, can gain a heads tart on their dinoflagel-
late competitors. Thus there is a certain amount of apprehension 
that an increased load of nitrogen, especially in the form of nitrates, 
will tend to increase the chance of blue-green algal blooms which 
may be considerably more dangerous than those caused by Peri-
dinium. 
Phosphorus does not appear to be a limiting factor at the time 
of the major bloom although it may become so in late summer and 
fall when the biomass is low. Increased phosphorus loading during 
this season might lead to a greater algal biomass or a qualitative 
change in populations which could, in turn, affect the nature of 
the major bloom. This illustrates a point not always appreciated 
in discussions concerning so-called limiting nutrients. In Lake 
Kinneret, we have a situation where the extent of phytoplankton 
growth may indeed be limited by the supply of a single nutrient 
(e.g. nitrogen) during one part of the year, while a similar limita-
tion is imposed by a different nutrient (e.g. phosphorus) in another 
season. One should be cautious when advocating practical steps 
of eutrophication control based on regulation of a single nutrient 
input. Such measures may indeed decrease a specific biomass but 
may not limit subsequent standing crops and may merely lead to 
undesirable changes in algal species. A more prudent policy, there-
fore, would be to lower the total nutrient input. 
The nutrient situation in Lake Kinneret is certainly more com-
plex than the oversimplified description I have given. We are still 
uncertain of the role of the large quantities of organic compounds, 
both dissolved and particulate, which are also brought in by the 
Jordan and other streams. As yet our knowledge of bacterial hetero-
trophic activities (that is, the uptake of dissolved organic matter 
for energy, growth and reproduction) are exceedingly limited. 
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Nevertheless, it seems certain that these processes are central to 
the metabolism of this warm lake where the elevated temperatures 
would be expected to increase greatly the rates of most microbio-
logical transformations. As a result of the rapid breakdown to 
inorganic compounds undergone by the organic matter in the 
water column, the sediments of Lake Kinneret contain less organic 
matter relative to standing crop than those of cooler lakes.7 The 
activity of heterotrophic bacteria is also responsible for the "safety 
valve" of denitrification, by which a considerable portion of the 
nitrate nitrogen is converted to gaseous nitrogen, most of which is 
then lost as a source of nitrogen nutrition (Table I). (The role of 
organisms capable of nitrogen fixation is as yet uncertain but is 
probably relatively unimportant.) The denitrifying bacteria ac-
quire energy through this process; however it must also be re-
membered that for their growth and reproduction these organisms 
also require suitable organic substrates and an anaerobic environ-
ment. Presently it is unclear where the bulk of denitrification oc-
curs in the Kinneret although it seems reasonable to assume that 
the bacteria are present in the sediment-water interfaces and, 
during the stratification period, in the thermocline. What is the 
lake's maximum capacity of denitrification, or how even greater 
nutrient loading would affect the development of noxious blue-
green species, such as the already present Oscillatoria sp., are 
critical but unanswered questions. 
In the case of phosphorus considerable quantities of this nutrient 
are sequestered in the sediments, but are partially released when 
bottom conditions become extremely reducing during late summer 
and fall. As yet, however, nutrient loading by phosphorus appears 
to be less extreme than loading by nitrogen. 
The element sulfur plays an important role in determining the 
ionic environment of the water. During the stratification period, 
increasing amounts of H2S accumulate in the hypolimnion partly 
from bacterial reduction of sulfates (which are always in high con-
centration), partly from the breakdown of organic matter, and partly 
from the upwelling of sulfur springs in the lake bottom. As a 
result the hypolimnion is rapidly depleted of its oxygen content 
and becomes a highly reducing environment. In turn, this facili-
tates the release of nutrients trapped in the sediments which then 
become available to algae when the hypolimnion and epilimnion 
are mixed at the overturn. Groups of photosynthetic bacteria 
(Chlorobium sp. and Chromatium sp.) which can utilize the H2S 
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as a source of electrons for photosynthesis have been isolated and 
these microorganisms may be an important source of food for 
zooplankton, as well as adding to the primary productivity of lake. 
The decisive influence of the climate upon conditions in the 
lake is well illustrated by t~e changes in the concentrations of 
oxygen in the water, which in turn directly affects the quality and 
quantity of aquatic life. During the stratification period, oxygen is 
rapidly depleted in the hypolimnion which becomes totally anoxic. 
In the epilimnion, oxygen concentrations fluctuate due to the 
variable rates of photosynthesis (oxygen evolved) and respiration 
(oxygen consumed), but tend to diminish throughout the summer 
and fall. The major oxygen renewal occurs with the turnover, when 
the entire water mass is mixed and oxygen is distributed homo-
geneously to all depths. The amount of oxygen mixed into the lake 
at this time depends on two factors dictated by the climate. First, 
to the extent that the air and water temperatures in fall and early 
winter are either cool or warm respectively, more or less oxygen 
will be dissolved in the lake. Second, and more importantly, the 
prevailing weather conditions determine the duration of the physi-
cal mixing. In 1969, the turnover lasted only a few days, and sub-
sequent oxygen levels were low (4 ppm); in contrast, mixing lasted 
for two months in 1971 and oxygen levels reached 10 ppm. In-
cidentally, an incorrect interpretation of the factors governing 
oxygen concentrations, which predicated anaerobiosis and "death" 
of the lake by 1975, caused considerable public furor. 
How "SICK" IS THE SEA OF GALILEE? 
As our observations have been limited to only four years, each 
of which has been different climatically, we are unable as yet to 
indicate any obvious, long-term trends. However, there are several 
indications that the lake is still responding to the environmental 
changes mentioned above. We noted earlier that, by comparison to 
other lakes (mostly in temperate climates), incoming quantities of 
nitrogen and phosphorus are heavy. The amounts of organic matter 
swept into or produced in the lake are also high and their break-
down requires large quantities of oxygen. There is evidence that, 
since the drainage of the Hula, the rate of sedimentation has in-
creased. Over the past few years, there has been a rise in the basic 
amount of organic nitrogen in the lake. Increasing quantities of 
blue-green algae have been observed. Some species have disap-
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peared (e.g. Rhoicosphenia curvataJ Ceratium hirundinella) while 
others (Stephanodiscus hantzchiiJ Elakatothrix gelatinosa), often 
associated with eutrophication, have appeared. Presently we have 
no information about the levels of pesticides or herbicides in the 
waters or organisms of the lake or of its inflows, although these 
compounds are widely used on the crops in the watershed. In short, 
although the situation is not yet catastrophic, it is serious enough 
to cause concern in a country with only one large freshwater lake. 
Fortunately, it seems that enough impetus has been given by the 
research effort and public outcry to stimulate official action. 
THE PRAGMATICS OF POLLUTION: BUREAUCRACY 
AND CONTROL 
The realization that effective steps were needed to maintain the 
water quality of Lake Kinneret was slow in coming. In a general 
way, Mekorot and Tahal were aware for several years of the im-
plications of a possible deterioration of the water and this led these 
companies to initiate research and monitoring operations. Visit-
ing experts, such as Professors Shapiro and Rodhe, and the scienti-
fic staff at the Kinneret Limnological Laboratory had pointed out 
the necessity of formulating an overall management policy aimed 
at controlling the sources of nutrient and pollution input, rather 
than treatment within the lake itself. In order to effect such a 
management policy requiring widespread controls of building and 
agricultural practices, the establishment of a "Kinneret Author-
ity" with legislative and enforcement powers was proposed. Not 
surprisingly, all such suggestions were met with indifference for 
several years, since the multitude of bureaucratic and economic 
interests involved in the lake and watershed area were reluctant to 
abrogate any of their individual powers. 
In Israel, the supreme authority in respect to utilization and 
planning of all water sources is delegated to the Water Commis-
sioner, an official of the Agricultural Ministry. The office of the 
Water Commissioner approves the budgets of semi-government 
companies such as Mekorot and Tahal, both of which were involved 
in operations within the watershed region. "Vi thin the Ministry 
of Agriculture are other pressure groups with interests in this area: 
the representatives of the settlements in the Upper Galilee, from 
whose fields and fishponds a goodly share of the lake's nutrient 
income is derived, and who await a reapportionment of the peat 
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lands of the bankrupt Hula Authority; the Kinneret fishermen, 
who form a small but vociferous caucus; and the Agricultural Re-
search Authority, which has been responsible for a number of re-
search projects in the watershed. Additional power groups are 
represented by the municipality of Tiberias, whose main interest 
in life appears to be the transformation of the Kinneret into a kind 
of Levantine Riviera; the municipality of Kiryat Shmoneh, a 
development town in the north whose 18,000 inhabitants still 
supply untreated sewage to the Upper Jordan, and the two power-
ful Rural Councils of the Jordan Valley and the Upper Galilee 
who represent mainly agricultural interests. The Ministry of Tour-
ism, which has extensive plans to develop the north eastern lake-
shore for tourism has already clashed with the Society for Nature 
Preservation, a voluntary conservationist organisation, who propose 
a nature sanctuary for that area. Also involved is the Ministry of 
the Interior which has responsibility for authorization of buildings, 
sewage treatment plants and the like. A final participant in this 
complex is the Oceanographic and Limnological Research Com-
pany (a government concern within the framework of the Ministry 
of Development) which runs the Kinneret Limnological Labora-
tory and is responsible for basic research in the lake. 
Within the past year, widespread public interest and protest 
about the "imminent demise" of the Kinneret has given added 
impetus to the establishment of a unifying organisation, The Kin-
neret Authority, under the aegis of the Water Commissioner. 
Within this still-embryonic framework are represented most of 
the various groups mentioned above. The Authority has initiated 
a number of legislative proposals including regulations concerning 
agricultural practices in Hula peat lands, and has set up scientific 
advisory committees to appraise and coordinate current research 
and to propose further studies on specific topics such as shore 
development, peat lands, sewage treatment, and fishponds. 
This organizational move has taken place at a time when public 
awareness of the "ecology crisis" has become evident (or at least 
vociferous) in Israel. At the Cabinet level, the Vice Prime Minister 
and Minister of Education, Yigal Allon, became responsible for 
environmental matters. An Ecology Council, composed of the 
Directors General of all government ministries, was nominated by 
Allon to be a supreme policy-making body. This council is advised 
by a scientific sub-committee (The Israel Committee for the Bio-
sphere and Environment). The National Council for Research and 
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Development, which has a large share in decisions affecting national 
science policy, is also represented on both these bodies. 
The comprehensive policy which is beginning to shape up for 
Lake Kinneret and its watershed has resulted from the interplay 
of public pressure and governmental reaction. Ironically, much of 
the extreme public outcry was engendered, not by the reasoned, 
reasonable and responsible statements of the limnologists, but by 
an alarmist report written by an outside "expert" with no limno-
logical experience. Based on a completely simplistic interpretation 
of oxygen data this report predicted the complete disappearance 
of oxygen in the lake within a few years. This simple and stark 
prophesy made excellent copy for the local and foreign press and 
was much easier to present that the more complex explanations of 
the scientists. Fortunately, the catastrophic decline in oxygen did 
not materialize, as the prognosis had ommitted to take into account 
the effects of temperature and duration of the turnover period. 
Nevertheless the fact remains that only now, after an almost 
hysterical public reaction to an overstated danger, are effective 
measures being taken to tackle the real problems of ecological 
stress upon the lake. Perhaps the moral is that, in such affairs, it 
pays sometimes to cry "Wolf." 
In truth, many of the steps aimed at formulating and implement-
ing a rational lake and watershed policy were being shaped prior 
to the "oxygen incident." Moreover, sustained public and govern-
ment support for an ongoing ecological policy must be soundly 
based on an accurate appraisal of a developing situation. To supply 
this information is, of course, the primary function of the Kinneret 
Limnological Laboratory and the scientists working in the water-
shed. 
Josephus, writing about the lake in the 1st Century A.D., states 
"Its waters are pure." Writing in May 1751, Haselquist, the na-
turalist, describes the water as being "sweet, but not very cold, 
though wholesome." With some effort, there is a chance that we 
will keep it so for future generations. 
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FOOTNOTES 
* Dr. Berman is a research member of the Kinneret Limnological 
Laboratory, Tiberias, Israel. 
1 The Sea of Galilee is also known as Lake Tiberias or Lake Gen-
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naseret. We prefer the original biblical name, Kinneret, which is that 
generally used in Israel. 
2 T. Berman, and W. Rodhe, Distribution and migration of Peri-
dinium in Lake Kinneret, Mitt.Internat. Verein.Limnol. 19:266-276 . 
(1971). 
3 Israel's National Water Carrier is part of an overall plan which was 
proposed by Eric Johnston (Special Advisor to President Eisenhower) 
in 1955 to apportion and utilize the water resources of Israel, Syria, 
Lebanon and Jordan. Although agreement was reached by all the coun-
tries involved on the technical aspects of the proposal, political unrea-
son prevailed, and the Arab countries refused to cooperate. The 
amounts of water utilized by the National Water Carrier are those 
allocated by the Johnston plan. 
4 A comprehensive bibliography of early research on Lake Kinneret 
(prior to 1967) was compiled by H. Steinitz and o. H. Oren, Bulletin 
of Sea Fisheries Station Haifa No. 53, 1968. 
5 T. Berman, Alkaline phosphatases and phosphorus availability in 
Lake Kinneret, Limnol. Oceanog. 15:663-674 (1970). 
6 C. Serruya, and U. Pollingher, An attempt at forecasting the Peri-
dinium bloom in Lake Kinneret, Mitt.Internt. Verein.Limnol. 19:277-
291 (1971). 
7 C. Serruya, Lake Kinneret: The nutrient chemistry of the sediments, 
Limnol. Oceanog. 16:511-521 (1971). 
